Objective: Replacement of the entire descending aorta or of the thoracoabdominal aorta still has a significant risk for postoperative paraplegia. Surgical strategies using a deep hypothermia to protect the spinal cord or viscera are discussed. Methods: From April 1994, 25 patients underwent graft replacement of the entire descending aorta (13 patients) or thoracoabdominal aorta (12 patients) using a deep hypothermia.
Introduction
Spinal cord injury remains the most devastating complication after surgery for the descending thoracic and thoracoabdominal aortic aneurysm. The reported incidence of neurologic deficits in the most high-risk group has been 30% to 40% [7] . Numerous strategies to protect the spinal cord has been reported but no consensus *Corresponding author. Tel: +81 6 8335012; fax: +81 6 8727486; e-mail: yokita@hsp.ncvc.go.jp ' Presented at the 10th Annual Meeting of the European Association for Cardio-thoracic Surgery, Prague, Czech Republic, 6-9 October 1996.
lOlO-7940/97/s] 7.00 0 1997 Elsevier Science B.V. All rights reserved PzIs1010-7940(97)00131-0 has been gained as a standard method to preventing cord ischemia during perioperative period. Present study reports our clinical results of surgery for the entire descending thoracic aorta and of the thoracoabdominal aorta using a deep hypothermia to protect the spinal cord or viscera.
Materials and methods
Between May 1993 and June 1996, 55 patients underwent aortic aneurysm repair through left thoracotomy under deep hypothermia.
Among them, 30 patients had surgery for the isolated aortic aneurysm in the distal aortic arch and 25 patients underwent graft replacement of the entire descending thoracic aorta (13 patients) or thoracoabdominal aorta (12 patients) ( Table  1 ). Crawford's classification of the thoracoabdominal aortic aneurysm consisted with type II in 8 patients and type III in 4 patients. Thirteen patients also had an atherosclerotic aneurysm in the distal aortic arch. Six patients had the clinical stigmata of Mrarfan's syndrome. Five patients had atherosclerotic aneurysms and 20 had aortic dissection. No patients had an acute aortic dissection and all had surgery on an elective basis. Patients with preoperative blood coagulation disorder, significant aortic regurgitation, ruptured case, and vital organ dysfunction (heart, brain, lung, liver, kidney) were not considered to be suitable to undergo this type of operation. There were 20 males and 5 females, whose age ranged from 26 to 72 years old, 52.8 + 14.1 years in average.
Operative technique
The operative technique from Takamoto et al. [18] was used. After anesthesia, a double-lumen endotracheal tube was inserted. Patient on right semi-recumbent position, a posterolateral thoracotomy incision through the bed of the resected fourth or fifth rib was made. When necessary, the incision was extended obliquely across the costal margin to the midline of the abdomen to the umbilicus. The diaphragm was incised circumferentialy, the left retroperitoneal space was entered with abdominal viscera was retracted medially, and the abdominal aort.a was exposed. During dissection of the aorta and whole procedures, the left lung, left phrenic nerve, and left vagal nerve was kept untouched to prevent resultant bronchial bleeding and nerve injury. The lung was collapsed and covered with wet clothes to minimize manipulation and injury. Monitoring of somatosensory or motor evoked potentials were not used.
The left common femoral artery and vein were exposed. Two million units of aprotinin was administrated in the pump prime. After heparinization, a 28-F or 32 F long venous cannula was inserted to the right atrium. If the venous cannula could not enter to the inferior vena cava or the pump flow index of less than 2.2 L/min, cannulation of the main pulmonary artery was required in 14 patients. The left common femoral artery was also cannulated. Cannulation into the ascending aorta was required in 2 patients because of occlusive disease in the left iliac artery. The cardiopulmonary bypass was started and core cooling was initiated ( Fig. 1) .
After the heart fibrillated, a careful assessment for left ventricular dilatation was done. If decompression of the left ventricle was necessary, the venting tube of the left ventricle was inserted through the left atrium in 7 patients and through the apex of the left ventricular in 5 patients. Cooling was continued until the nasopharyngeal temperature reached to 18. Thrombi-or debrisfree portion of the descending aorta was explored by intraoperative direct echo scanning and cross clamp was applied. The patient was placed in the head down position and incision into the distal arch was carried out. The venting catheter in the left ventricle was occluded during this time to prevent suction of the air into the heart. A triple lumen aortic occlusive balloon was introduced into the ascending aorta (Sumitomo) and cardioplegic solution was infused. Perfusion of the lower half body was continued and venous line was occluded to raise the central venous pressure to 18 mmHg. Then retrograde cerebral perfusion was started using the oxygen-rich venous blood going through the right atrium into the superior vena cava (Fig. 2) . Clamps no longer are placed on the aortic arch or proximal aorta. Open proximal anastomosis was completed in 18 patients. In the remaining 7 patients, the aortic clamp distal to the left subclavian artery was possible. The aorta distal to the left subclavian artery or the aorta between the left common carotid artery The diaphragm was incised circumferentialy, the left retroperitoneal space was entered with abdominal viscera was retracted medially, and the abdominal aorta was exposed. Fig. 2 . The patient was placed in the head down position and incision into the distal arch was carried out. A triple lumen aortic occlusive balloon was introduced into the ascending aorta and cardioplegic solution was infused. Perfusion of the lower half body was continued and venous line was occluded to raise the central venous pressure to 18 mmHg. Then retrograde cerebral perfusion was started using the oxygen-rich venous blood going through the right atrium into the superior vena cava.
and the left subclavian artery was always transected not to injure the esophagus and to have a secure full-thickness-bite anastomosis. Collagen-impregnated woven Dacron graft was exclusively used. After completion of the proximal anastomosis, the balloon was deflated and removed. At this stage, deliberate procedure is required for removing the air and debris from the cardiac chamber and aorta with continuing the retrograde cerebral perfusion. Antegrade perfusion of the coronary and cerebral circulation was re-established through the side branch of the graft connecting to a second arterial line. The left ventricular venting line was re-opened. The temperature of the perfusate was adjusted to 20°C (Fig.  3) .
The aortic clamp was moved downward to the level of the diaphragm and the descending thoracic aorta was opened longitudinally. During the period of hypothermia, the anastomosis between the aortic graft and the intercostal arteries, visceral arteries were completed. Reconstruction of the intercostal arteries was performed with use of a 8-mm graft interposition or direct Carrel's patch technique (Fig. 4 ). An attempt was made to attach all patent intercostal arteries below the level of the 8th intercostal space and an additional attachment of the intercostal arteries to the graft around the level of the 4 or 5th intercostal space. Intercostal and lumbar arteries were attached to the graft in 25 of the 26 patients. Averaged number of the attached intercostal arteries was 2.4 + 1.3, ranged from 1 to 5 pairs. Whenever possible, the proximal aortic clamp was repositioned below the intercostal arterygraft anastomosis. Blood reflux from the remaining patent intercostal arteries was controlled by several 3F balloon catheters to prevent blood steal phenomena from the spinal cord (Fig. 5) .
After completion of the anastomosis of the final intercostal arteries, rewarming of the upper half body was initiated. Reconstruction of the visceral arteries or distal anastomosis was performed in open manner while the lower half body was staying in hypothermia. Individual reconstruction of the visceral arteries was done in 8 patients (Fig. 6 ) and distal beveled anastomosis was used in 17 patients (Fig. 7) . During rewarming, the heart was defibrillated when the perfusate temperature reached to 32°C and cardiopulmonary bypass was discontinued. The extent of aortic replacement is shown in Table 1 . variables related to cardiopulmonary bypass are shown in Table 2 .
Results
No early mortality was found and one patient died of respiratory failure 6 months after surgery (4.0%). A 72-year-old man with a mega aorta syndrome under- Fig. 5 . An attempt was made to attach all patent intercostal arteries below the level of the 8th intercostal space and an additional attachment of the intercostal arteries to the graft around the level of the 4th or 5th intercostal space. Whenever possible, the proximal aortic clamp was repositioned below the intercostal artery-graft anastomosis. Blood reflux from the remaining patent intercostal arteries was controlled by several 3F balloon catheters to prevent blood steal phenomena from the spinal cord.
went replacement of the entire descending thoracic aorta. Intraoperative displacement of the double-lumen endotracheal tube lead to stay on the cardiopulmonary bypass for 4.5 h. Consequent bronchial bleeding was massive and he died of respiratory failure due to pulmonary fibrosis 6 months after operation.
One patient had a postoperative stroke (4.0%). A 42-year-old Marfan male had undergone two previous operations, one was Bentall operation with mechanical valve due to annuloaortic ectasia and aortic regurgitation and the other was replacement of the descending thoracic aorta due to chronic type B dissection. He had replacement of the thoracoabdominal aorta with femoro-femoral bypass technique under deep hypothermia. Circulatory arrest and retrograde cerebral perfusion was not used. However, postoperative computed tomography of the brain demonstrated a moderate cerebral infarction on the right frontal lobe. Fortunately he was asymptomatic and back to work. One had a delayed onset of paraplegia 2 days after operation (4.0%). A 70-year-old man had chronic type B dissection and had replacement of the thoracoabdominal aortic aneurysm, Crawford type II. Intercostal arteries of Th. 10 and Th. 11 were reconstructed using a 8 mm graft and other intercostal arteries were occluded. 
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In the ICU, he woke-up 3 h after the operation and was extubated 6 h after operation. He could move his legs without any problems. However, 2 days after operation on the general ward, he became hypoxemic due to pneumonia and was reintubated. He became paraplegia after this event. Postoperative angiography disclosed obstruction of the graft connecting the intercostal arteries to the aortic graft.
Morbidity
There was no patient who demonstrated postoperative acute renal failure requiring dialysis and postoperative urine output was satisfactory in all patients. Renal dysfunction, defined as an elevation of the serum creatinine to a level of 2.0 mg/dl occurred in 3 patients. A transient elevation over 100 IU of the hepatic transaminase was detected in 5 patients. However, the serum level of the total bilirubin elevated above 2.0 mg/dl was detected in 13 patients that was presumably due to the secondary effect of blood transfusion.
Reoperation for bleeding was required in 2 patients. Amounts of postoperative bleeding and blood transfusion were shown in Table 2 . No homologous blood transfusion was necessary in 7 patients.
Nineteen patients (76%) were extubated within 24 h. Prolonged mechanical ventilation ( > 48 h) was required in 5 patients (20%) and 2 had a tracheotomy. Among them, fluorescence study revealed no movement of the left diaphragm in 2 patients. There was no patients with postoperative low cardiac output syndrome but one patient had a new q wave in the inferior lead in the electrocardiogram.
The median length to stay in the intensive care unit was 3 days (average 13 days, range l-149 days). Twenty-one (84%) patients remained in the intensive care unit less than one week Other minor complications consisted with a transient postoperative delirium in 2 patients and wound dehiscence of the posterolateral incision in 3.
Discussion
Deep hypothermic circulatory arrest technique is one of the most secure method to protect the brain during surgery for aneurysm and dissection of the ascending aorta and aortic arch [19] . However, this technique has been used infrequently for the treatment of the aortic lesion that necessitates posterolateral exposure through left thoracotomy.
In [5, 8, 9, 16, 17, 20] . Our experience of the deep hypothermia through left thoracotomy was started in dealing with isolated distal arch aneurysm [18] . Initial good results in surgery for distal arch aneurysm encouraged us to apply the hypothermic technique further down to the thoracoabdominal aortic aneurysm.
The spinal cord injury, a delayed onset of paraplegia, which occurs l-5 days after operation, drew attention [7] . It has been assumed that delayed onset deficits are the consequence of borderline ischemia, which results in spinal cord edema. One patient in this study had a typical course of delayed onset of paraparesis. Using a baboon model of spinal cord ischemia, Rokkas and associates [ 151 demonstrated that the protective effect of deep hypothermia (rectal tem-perature 15°C) was definite and also was associated with blunting of the hyperemic response of spinal cord blood flow after unclamping of the aorta. Little is known regarding the optimal level of hypothermia and time limit&ion of the circulatory arrest for spinal cord or viscera. In the series of Kouchoukos and associates [lo], a duration of 62 min of circulatory arrest with a rectal temperature of 15°C was not exceeded. Grabenwiiger and associates [8] reported one incidence of paraplegia out of 14 patients with maximum 104 minutes of circulatory arrest. In the present study, one or two sequential aortic clamping was used, so duration of the spinal cord ischemia was kept shorter. Although ischemic time of the visceral organ was 71 minutes in average and 150 minutes in maximum with a nasopharyngeal temperature of 17S"C, no patients demonstrated acute renal failure.
Major drawbacks of the deep hypothermia technique through the left thoracotomy are lung injury secondary to manipulation of the left lung and blood coagulation disorders [6] . The left lung should be wrapped with soft wet towel and should be isolated from the maneuver. A large doses of aprotinin significantly reduced postoperative bleeding. Especially it is very useful to prevent bronchial bleeding caused by intraoperative manipulation of the left lung. However, special care is required in the aprotinin usage during deep hypothermia because activated clotting time is artificially prolonged with deep hypothermia and aprotinin [13] .
We are reluctant use this technique for patients with preoperative blood coa.gulation disorder, significant aortic regurgitation, ruptured case, and other organ complications. Moderate or severe aortic regurgitation should be repaired before the aortic surgery from the midline approach, otherwise fatal left ventricular dilatation could be occur during hypothermic ventricular fibrillation. Extensive coronary arterial disease also is relative contraindication because hypothermic fibrillatory arrest is not well tolerated in these heart.
In conclusion, utilization of the deep hypothermia in surgery for aneurysms of the entire descending aorta or of the thoracoabdominal aorta provided an adequate protection of the spinal cord as well as the abdominal viscera, eliminated clamp injury or cerebral embolization of debris or thrombi, and afforded excellent surgical exposures.
